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ABSTRACT
This report presents precipitation data collected using tipping bucket rain gauges in the vicinity
of Yucca Mountain from October 1, 2000 to June 30, 2003. Operation of the tipping bucket
precipitation monitoring network was assumed by the Harry Reid Center for Environmental
Studies at University of Nevada, Las Vegas in March 2001. Previously, it had been operated
by the U.S. Geological Survey.
The precipitation monitoring network consists of 17 tipping bucket gauges at various locations
in the vicinity of Yucca Mountain. During the 2001 water year, rainfall averaged 6.16 inches.
The following 2002 water year was much drier averaging 1.11 inches of rainfall, well below
the 30-year average of 6.5 inches/year. Precipitation recorded during this period follows
regional cyclical patterns of summer monsoonal storms and winter low-pressure systems.
1. INTRODUCTION
Precipitation is one of the most basic hydrologic parameters, providing the major source of
infiltration to the unsaturated zone, and a potential source of recharge for the saturated zone.
Yucca Mountain precipitation data are needed to characterize present-day net infiltration rates
used to develop predictive climate models. Data from this network have been used as part of
the overall work supporting the net infiltration modeling Analysis Model Report, Simulation of
Net Infiltration for Modern and Potential Future Climates, and the Performance Confirmation
Plan.
2. EQUIPMENT AND METHODS
2.1 Station Configuration
The precipitation monitoring network consists of 17 field stations, each consisting of a tipping
bucket rain gage, datalogger, enclosure, storage module, 12-volt battery, battery charger and
solar panel. The gage network was established following the U.S. Environmental Protection
Agency (EPA) 1995 "Onsite Program Guidance for Regulatory Modeling Applications and
Quality Assurance Handbook for Air Pollution Measurement Systems, Volume IV,
Meteorological Measurements." (TIC# 210292)
Tipping bucket rain gauges are manufactured by Qualimetrics Inc., and are either model 6011-
B (standard gauge) or 6041-B (propane heated gauge). The heater component in the propane
heated gauges is disabled; these gauges are operated as standard gauges due to difficulty
maintaining propane supply in remote locations. Each gauge has a simple twin-bucket
mechanism causing the buckets to tip when a known volume of water (in most gauges, 0.01
inches) is collected. The tipping bucket closes a switch, sending an electronic signal to the
datalogger, which records the quantity of precipitation, and date and time of each tip.
Dataloggers in use with this network are manufactured by Campbell Scientific Inc., model
CR10 or CR10X. A CSI storage module (model SM192) attached to the datalogger records a
copy of all the data. Storage modules provide a backup copy of the data in the event of a
problem with the datalogger.
Gauges are installed on poured cement pads at ground surface, with the gauge orifice
approximately 20" from the ground. This helps to minimize splash-in associated with ground
deflected precipitation. Gauges are kept clear of any obstacles (e.g. large bushes, datalogger
enclosures, work benches) to prevent interference with rainfall patterns and wind turbulence.
Stations 401, 405 and 415 are also equipped with wind guards to minimize the effects of wind
turbulence around the gauge and increase the catchment of precipitation falling as snow.
2.2 Station Location
Figure 1. Map of Yucca Mountain Precipitation Gauge Network
Table 1. Station Location
Station
ID
401
402
403
404
405
406
407
409
410
411
412
413
414
415
417
418
419
Northing
36 53.27'N
3651.47'N
3648.28'N
36 52.72'N
3643.83'N
3648.13'N
3652.14'N
36 49.42'N
36 50.42'N
3648.78'N
3650.12'N
3646.88'N
36 47.37'N
3648.79'N
3648.52'N
3648.17'N
3653.33'N
Easting
11627.73'W
11625. ll 'W
11626.48'W
11625.52'W
11628.11'W
11631.77'W
11627.73'W
11624.93'W
11621. l l 'W
11623.58'W
11623.13'W
11626.31'W
11624.37'W
11627.72'W
11630.44'W
11629.43'W
11623.26'W
Data Source: MOL20020408.0317
2.3 Protective Measures
Several protective measures are taken to ensure the integrity of the equipment and data.
Datalogger units are stored in raised enclosures, protecting equipment from inclement weather.
Ground level wiring is run through a length of PVC pipe to protect from small animals.
Access to most stations is restricted due to their location in Area 25 of the Nevada Test Site.
Offsite gauges include three stations on BLM-land at Crater Flat. Due to the remote location
of the Crater Flat gauges, tampering is not anticipated to be a problem. In the event of a
tampering incident, the integrity of the data is ensured firstly, by writing a backup copy to the
storage module, and secondly, incorporating a program identifier that will indicate any
programming changes. These program signatures are checked every time data is collected for
inconsistencies that might indicate a problem.
3.0 PRECIPITATION DATA
3.1 Precision and Accuracy
Most gauges in use in this network are precise to 0.01 inch (0.254mm), and the data is reported
in inches. Data recorded at station 402 after 08/31/2001 (using rain gauge S/N 1839) is
reported in millimeters, but for clarity of the report will be presented in inches. These data
have a resolution of 0.1 mm. Operational standard for all tipping bucket gauges is +10%
accuracy. This is consistent with accepted guidelines for meteorological monitoring.
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3.2 Data Qualification
The following data are included in this report:
Table 2. Data Traceability Identifiers
Period of Record
10/01/2000-12/12/2000
12/12/2000-12/31/2001
06/21/2001 - 09/27/2001
01/01/2002-12/31/2002
01/01/2003-06/30/2003
DTN
GS000808312111.004
UN0202SPA030AB.001
UN0202SPA030AB.002
UN0202SPA030AB.003
UN0202SPA030AB.004
Status
Q
0
Non-Q
Q
Q
Originator
USGS
UNLV-HRC
UNLV-HRC
UNLV-HRC
UNLV-HRC
Package GS000808312111.004 is delineated as non-Q data because of the lack of closing
calibrations available at the time the data was submitted. All of these closing calibrations have
since been submitted to the Records Processing Center and the package is currently under
review for reclassification as Qualified.
Package UN0202SPA030AB.002 non-Q status is a result of a failed field checks at stations
405, 410, 411 and 415 associated with NCR UNLV-01-29. The following data were removed
from data set UN0202SPA030AB.001 and submitted flagged as a result of the failed check:
Station 405
Station 410
Station 411
Station 415
Gauge S/N 111
Gauge S/N 1086
Gauge S/N 1069
Gauge S/N 104
06/26/2001-09/27/2001
06/21/2001-09/27/2001
06/21/2001-09/27/2001
06/26/2001-09/24/2001
These gauges failed the check because they underestimated the known volume of water used in
the calibration by greater than 10%. However, removing recorded precipitation data from the
record as a result of these calibrations would falsely skew precipitation totals by essentially
bringing monthly totals to 0 for these months at these stations. Data recorded during this period
is within acceptable range of data recorded at nearby stations. These data, therefore, will be
included in the report. Totals generated from data collected at these stations are clearly flagged
and noted.
3.3 QA Compliance
No unqualified software or models were used to perform this analysis. All data acquired on
this task by HRC are detailed in approved UCCSN implementing procedure IPLV-032,
"Precipitation Monitoring Using Tipping Bucket Rain Gauges". Electronic data were
controlled in accordance with QAP-3.1 "Control of Electronic Data". Duplicate copies of the
data reside in the datalogger memory until overwritten. Second duplicate copies are sent to an
external storage module, which remains at the physical site of data collection. Upon return
from the field, data is downloaded to the network server, which is regularly backed up. Files
are visually verified after transfer. Work was documented in Scientific Notebook, UCSSN-
UNLV-030vol. 1.
4.0 RESULTS
Data are given as a monthly sum of the time-of-tip data submitted to the TDMS (Table 3).
Data presented below are grouped according to date-time stamp rather than by storm event, for
example, heavy rainfalls starting on 11/30/02 and lasting into 12/01/02 is split into separate
monthly sums for November and December.
Currently, early 2001 water year data (10/2000-12/2000) has not yet been approved as
qualified data. As a result of this removed data, the totals for water year 2001 presented in
These data (Tables 4 and 5) support the long-term averages for the site of 6.5 in/yr (165
mm/yr) (Hevesi and Flint, 1998). Average rainfall for water year 2002 was markedly lower
than 2001, averaging 1.11 inches (28 mm), with a maximum of 1.84 inches (47 mm) recorded
at station 419 in Forty Mile Canyon. Initial data for 2003 indicates a much wetter year than
2002.
The arid climate of the Yucca Mountain region is characterized by convective summer rainfall
and lower intensity, longer duration periods of precipitation during the winter. These low
pressure dominated weather systems may occur during the summer-winter or winter-summer
transition period as well. These seasonal variations are visible during even short periods of
record such as presented here.
Figure 2. Yucca Mountain Precipitation by Station, January 1, 2001 - June 30, 2003
3.00
Yucca Mountain Precipitation by Station
January 1,2001 - June 30, 2003
Date
>—401
1—402
403
-X—404
-*— 405
—•—406
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— 409
— 410
411
412
413
_^<_ 414
—*—415
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Data Source: UN0202SPA030AB.001, UN0202SPA030AB.003, UN0202SPA030AB.004
The tipping bucket precipitation monitoring network can provide a valuable resource by
providing reliable, accurate, real-time measurement of necessary hydrologic data. It will
continue to become more valuable as the length of record increases.
Table 3. Monthly Precipitation Totals for October 2001 - June 2003
Jan-01
Feb-01
Mar-01
Apr-01
May-01
Jun-01
Jul-01
Aug-01
Sep-01
Oct-01
Nov-01
Dec-01
Jan-02
Feb-02
Mar-02
Apr-02
May-02
Jun-02
Jul-02
Aug-02
Sep-02
Oct-02
Nov-02
Dec-02
Jan-03
Feb-03
Mar-03
Apr-03
May-03
Jun-03
401
(in)
0.65
0.98
0.41
0.59
0.05
NA
0.70
0.04
0.20
0.09
0.54
0.06
0.01
0.01
0.00
0.07
0.00
0.08
0.22
0.00
0.05
0.01
0.29
0.13
0.03
2.02
0.17
1.48
0.20
0.01
402
(in)
1.75
2.15
0.24
0.43
0.02
0.00
1.29
0.03
0.30
0.15
0.34
0.12
0.02
0.03
0.03
0.01
0.00
0.04
0.50
0.00
0.01
0.03
0.17
0.20
0.03
1.73
0.18
0.79
0.20
0.00
403
(in)
1.73
2.08
0.16
0.34
0.01
0.00
0.00
0.00
0.00
0.19
0.12
0.10
0.07
0.01
0.09
0.00
0.00
0.00
0.41
0.00
0.01
0.04
0.25
0.45
0.03
2.29
0.41
NA
NA
0.00
404
(in)
2.14
2.00
0.27
0.58
0.02
0.00
2.51
0.13
0.19
0.23
0.41
0.15
0.05
0.06
0.10
0.18
0.00
0.06
0.26
0.00
0.10
0.04
0.26
0.28
0.04
2.16
0.31
1.18
0.17
0.00
405
(in)
1.75
1.63
0.17
0.32
0.13
*
*
*
*
0.17
0.35
0.02
0.08
0.00
0.03
0.00
0.00
0.00
0.30
0.00
0.03
0.08
0.22
0.23
0.03
1.84
0.20
0.99
0.19
0.00
406
(in)
0.00
0.00
0.00
0.00
0.00
0.00
1.50
0.01
0.21
0.06
0.23
0.13
0.00
0.00
0.00
0.01
0.00
0.00
0.13
0.00
0.00
0.08
0.12
0.23
NA
1.54
0.27
0.90
0.10
0.00
407
(in)
0.61
2.36
0.28
0.82
0.04
0.00
1.15
0.13
0.39
0.23
0.42
0.14
0.17
0.05
0.06
0.14
0.00
0.01
0.23
0.00
0.05
0.11
0.29
0.38
0.04
2.30
0.32
1.48
0.27
0.04
409
(in)
1.72
1.94
0.19
0.29
0.01
0.00
0.44
0.00
0.25
0.23
0.30
0.02
0.02
0.01
0.02
0.00
0.00
0.01
0.31
0.00
0.03
0.02
0.24
0.37
0.02
2.13
0.43
1.17
0.13
0.00
410
(in)
1.87
1.77
0.21
0.32
0.01
*
*
*
*
0.25
0.31
0.11
0.01
0.02
0.01
0.01
0.00
0.01
0.32
0.00
0.00
0.00
0.27
0.86
0.03
2.27
0.44
1.15
0.17
0.00
411
(in)
NA
1.47
0.23
0.31
0.02
*
*
*
*
0.27
0.18
0.13
0.03
0.03
0.04
0.00
0.00
0.00
0.46
0.00
0.01
0.00
0.21
0.33
0.04
2.25
0.48
1.11
0.11
0.00
412
(in)
2.04
2.13
0.22
0.40
0.02
0.00
0.54
0.01
0.21
0.20
0.35
0.14
0.10
0.02
0.03
0.00
0.00
0.00
0.35
0.00
0.03
0.00
0.02
0.31
0.02
2.15
0.24
1.24
0.21
0.00
413
(in)
1.59
1.95
0.17
0.24
0.04
0.00
1.02
0.00
0.00
0.24
0.12
0.11
0.03
0.01
0.03
0.00
0.00
0.00
0.23
0.00
0.00
0.00
0.19
0.41
0.03
2.23
0.21
0.03
0.13
0.06
414
(in)
1.72
1.79
0.17
0.21
0.04
0.00
0.35
0.00
0.20
0.29
0.10
0.09
0.01
0.01
0.10
0.00
0.00
0.00
0.24
0.00
0.01
0.01
0.20
0.37
0.05
2.22
0.43
1.08
0.12
0.00
415
(in)
1.86
2.03
0.19
0.33
0.04
*
*
*
it
0.22
0.25
0.03
0.05
0.00
0.03
0.00
0.00
0.00
0.55
0.00
0.02
0.07
0.25
0.29
0.03
2.47
0.32
1.09
0.18
0.00
417
(in)
1.6
2.12
0.24
0.38
0.03
0.00
1.29
0.00
0.54
0.11
0.21
0.12
0.05
0.00
0.02
0.00
0.00
0.00
0.24
0.00
0.02
0.00
0.12
0.15
0.01
1.74
0.24
0.98
0.12
0.00
418
(in)
2.25
2.11
0.24
0.67
0.05
0.00
0.84
0.00
0.00
0.16
0.46
0.03
0.18
0.01
0.03
0.04
0.00
0.00
0.14
0.00
0.01
0.08
0.18
0.16
0.03
1.98
0.19
1.15
0.19
0.00
419
(in)
1.85
1.69
0.31
0.55
0.01
0.00
1.82
0.11
0.17
0.35
0.39
0.24
0.01
0.06
0.12
0.02
0.00
0.01
0.61
0.00
0.03
0.06
0.27
0.25
0.03
2.06
0.33
1.25
0.17
0.00
Total
Precipitation
For 2001 Water
Year
(inches)
Total
Precipitation for
2002 Water Year
(inches)
Precipitation for
2003 Water Year
to Date
(inches)
3.62
1.13
4.34
6.21
1.25
3.32
4.32
1.00
3.47
7.84
1.60
4.44
4.00
0.98
3.78
1.72
0.56
3.24
5.78
1.50
5.23
4.84
0.95
4.51
4.18
1.05
5.19
2.03
1.15
4.53
5.57
1.22
4.19
5.01
0.77
3.29
4.48
0.85
4.48
4.45
1.15
4.70
6.20
0.77
3.36
6.16
1.06
3.96
6.51
1.84
4.42
Data Source: UN0202SPA030AB.001, UN0202SPA030AB.003, UN0202SPA030AB.004
NA — Data not available for that month
* Non-qualified data as identified by NCR UNLV-01-029; See Table 4.
* Non-qualified data for (October 2000 - December 2000) 2001 water year; See Table 5
Table 4. Monthly Precipitation Totals for October 2001 - June 2003
Jun-01
Jul-01
Aug-01
Sep-01
405
(in)
0.00
0.70
0.04
0.30
410
(in)
0.00
0.57
0.00
0.20^
411
(in)
0.00
0.33
0.00
0.26
415
(in)
0.00
0.89
0.00
0.42
Data Source: UN0202SPA030AB.002
Table 5. Monthly Precipitation Totals for early 2001 Water Year
(October 2000 - December 2000)
Oct-OO
Nov-00
Dec-00
401
1.14
0.00
0.13
402
1.19
0.02
0.12
403
0.86
0.00
0.16
404
1.26
0.02
0.16
405
0.87
0.00
0.12
406
0.48
0.00
0.27
407
NA
NA
0.24
409
NA
NA
0.10
410
1.33
0.03
0.23
411
0.89
0.03
0.51
412
0.95
0.01
0.13
413
0.80
NA
0.26
414
0.81
0.02
0.27
415
0.82
0.00
0.13
417
0.66
0
0.18
418
1.38
0
0.17
419
1.19
0.05
0.16
Data Source: GS000808312111.004
Tables 4 and 5 contain unqualified data that corroborate the data in table 3.
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